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P r us Silicon Oxycarbide Integrated Circuit Insulator 

Technical Field of the Invention 

This invention relates generally to integrated circuits, and particularly, but 
not by way of limitation, to a low dielectric constant porous silicon oxycarbide 
integrated circuit insulator for providing electrical isolation between interconnection 
lines and other integrated circuit components. 

Background of the Invention 

Integrated circuits (ICs) typically include transistors and other circuit 
elements that are conductively interconnected in particular circuit configurations to 
provide desired circuit functions. Particular circuit elements and interconnection 
lines must be electrically isolated from other circuit elements and interconnection 
lines for proper IC operation. Modem IC technology includes insulating isolation 
layers. Such insulating isolation layers may be formed between transistors, between 
interconnection lines formed simultaneously, between interconnection lines formed 
as separate layers, between transistors and overlying interconnection lines, and as a 
passivation layer protecting underlying circuit elements and interconnection lines. 

Good IC insulators should provide, among other things, low leakage 
currents, good mechanical strength, and low permittivity. In particular, a low 
permitivitty insulator (also referred to as having a low relative or absolute dielectric 
constant) presents reduced parasitic capacitance between circuit nodes. Since 
parasitic capacitance between circuit nodes increases noise coupling and signal 
crosstalk between circuit nodes, increases power consumption, slows circuit 
operation, and potentially introduces timing faults, the parasitic capacitance 
associated with insulating IC isolation layers should be minimized. 




1 



Trends in modem semiconductor technology are increasing the importance 
of minimizing the parasitic capacitance of IC isolation layers. Consumers demand 
high speed operation of computer and memory IC's. Battery powered portable 
computer and communications devices demand low power consumption for 
5 prolonged operation between battery recharges. Portability also requires more dense 
circuits so that more functionality can be provided in a smaller product. As circuits 
become more dense, interconnection lines are more closely spaced, making signal 
crosstalk between circuit nodes a greater concern. IC isolation layers that minimize 
parasitic capacitance are essential to continued advancement in semiconductor 
10 technology. 

One popular IC insulator, silicon dioxide (SiOj) has a relative dielectric 
constant (e^) of approximately 4.0. A smaller relative dielectric constant reduces the 
parasitic capacitance between circuit nodes. Ideally, the relative dielectric constant 
of an IC isolation layer should be reduced such that it approaches the relative 

15 dielectric constant of air (e^ =1). Previous attempts to minimize parasitic 

capacitance have included forming air-gap dielectric structures having a relative 
dielectric constant approaching the relative dielectric constant of air (e, = 1). Air- 
gap structures, however, tend to lack the mechanical strength needed to support 
overlying interconnection and isolation layers of high physical integrity. For the 

20 reasons stated above, and for other reasons that will become apparent upon reading 
the foUov^dng detailed description of the invention, there is a need for providing a 
low dielectric constant IC insulator having better mechanical strength. 

Summary of the Invention 

25 The present invention provides, among other things, a low dielectric constant 

IC insulator formed of porous silicon oxycarbide. In one embodiment, the invention 
includes an integrated circuit formed on a substrate. A plurality of transistors is 
formed on the substrate. A pattemed first conductive layer interconnects ones of the 
transistors. A porous silicon oxycarbide layer insulates portions of the first 
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conductive layer from the transistors. In another embodiment, the invention 
includes an integrated circuit having a porous silicon oxycarbide layer overlying the 
circuit elements for protecting the physical integrity of the circuit elements. 

Another aspect of the present invention provides a method of fabricating an 
integrated circuit. A working surface of a semiconductor substrate is coated v^th a 
mixture of oxide and carbon sources. The mixture of oxide and carbon sources is 
heated and dried such that the mixture of oxide and carbon sources is transformed 
into an insulator layer on the integrated circuit. In one embodiment, the mixture of 
oxide and carbon sources includes polymeric precursors such as substituted 
alkoxysilanes. In another embodiment, the substituted alkoxysilanes are mixed with 
silicon alkoxides. In a further embodiment, the mixture of oxide and carbon sources 
includes methyldimethoxysilane (MDMS) and tetraethoxysilane (TEOS). In 
another embodiment, heating and drying the mixture of oxide and carbon sources 
comprises pyrolyzing the mixture of oxide and carbon sources. 

The low dielectric constant porous silicon oxycarbide insulator provides 
electrical isolation, such as between circuit elements, between interconnection lines, 
between circuit elements and interconnection lines, or as a passivation layer 
overlying both circuit elements and interconnection lines. The low dielectric 
constant porous silicon oxycarbide insulator of the present invention reduces the 
parasitic capacitance between circuit nodes. As a result, the porous silicon 
oxycarbide insulator advantageously provides reduced noise and signal crosstalk 
between circuit nodes, reduced power consxmiption, faster circuit operation, and 
minimizes the risk of potentially introducing timing faults. Other advantages will 
also become apparent upon reading the following detailed description of the 
invention. 

Brief Description of the Drawing s 

In the drawings, like numerals describe substantially similar components 
throughout the several views. 
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Figure 1 is a cross-sectional view illustrating generally one embodiment of 
forming a low dielectric constant insulator. 

Figure 2 is a cross-sectional view illustrating generally one embodiment of 
further processing of a porous silicon oxycarbide low dielectric constant insulator. 
5 Figure 3 is a cross-sectional view illustrating generally one embodiment of 

forming subsequent layers of a porous silicon oxycarbide insulator. 

Figure 4 is a schematic^lock diagram that illustrates generally one 
embodiment of a memory device IC that includes a silicon oxycarbide insulator 
according to the present invention. 
10 Figure 5 is a drawing that illustrates genereilly one embodiment of a 

computer system according to the present invention. 

Detailed Description of the Invention 

In the following detailed description of the invention, reference is made to 
yd 15 the accompanying drawings which form a part hereof, and in which is shown, by 

I 3 i 
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Ly way of illustration, specific embodiments in which the invention may be practiced. 

^" In the drawings, like numerals describe substantially similar components throughout 

the several views. These embodiments are described in sxifficient detail to enable 

|y those skilled in the art to practice the invention. Other embodiments may be utilized 

□ 

p 20 and structural, logical, and electrical changes may be made without departing from 

^ the scope of the present invention. The terms wafer and substrate used in the 

following description include any structure having an exposed sxirface with which to 
form the integrated circuit structure of the invention. The term substrate is 
xmderstood to include semiconductor wafers. The term substrate is also used to refer 
25 to semiconductor structures during processing, and may include other layers that 
have been fabricated thereupon. Both wafer and substrate include doped and 
imdoped semiconductors, epitaxial semiconductor layers supported by a base 
semiconductor or insulator, as well as other semiconductor structures well known to 
one skilled in the art. The term conductor is understood to include semiconductors. 
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and the term insulator is defined to include any material that is less electrically 
conductive than the materials referred to as conductors. The following detailed 
description is, therefore, not to be taken in a limiting sense, and the scope of the 
present invention is defined only by the appended claims, along with the full scope 
5 of equivalents to which such claims are entitled. 

The present invention provides a low dielectric constant porous siUcon 
oxycarbide insulator suitable for isolation on any integrated circuit (IC), including, 
but not limited to: volatile and nonvolatile memory ICs, application-specific ICs 
(ASICs), microprocessor ICs, analog ICs, digital ICs, and communication ICs. The 

10 insulator provides electrical isolation, such as between circuit elements, between 
interconnection lines, between circuit elements and interconnection lines, or as a 
passivation layer overlying both circuit elements and interconnection lines. As 
described above, and explained in detail below, the low dielectric constant porous 
silicon oxycarbide isolation insulator of the present invention reduces the parasitic 

1 5 capacitance between circuit nodes. As a result, the porous silicon oxycarbide 
isolation insulator advantageously provides reduced noise and signal crosstalk 
between circuit nodes, reduced power consumption, faster circxiit operation, and 
minimizes the risk of potentially introduces timing faults. Other advantages will 
also become apparent upon reading the following detailed description of the 

20 invention. 

Figxire 1 is a cross-sectional view illustrating generally, by way of example, 
but not by way of limitation, one embodiment of forming a low dielectric constant 
insulator according to one aspect of the invention. In Figure 1, local oxidation of 
silicon (LOCOS) or other isolation technique is used to form silicon dioxide field 
25 oxide regions 100 on substrate 105 outside active area regions 110 in which circuit 
elements, such as field-effect transistor (PET) 115, are formed. FET 115 includes 
gate insulator 120, such as silicon dioxide formed by dry oxidation of substrate 105. 
FET 115 also includes a gate 125 electrode, such as conductively doped polysilicon 
formed by chemical vapor deposition (CVD). Gate 125 and gate insulator 120 are 
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patterned and etched, such as for allowing the self-aligned ion-implantation 
formation of source 130 and drain 135. Insulator 140 is a low dielectric constant 
porous silicon oxycarbide insulator that, in this embodiment of the invention, 
provides isolation between a circuit element, such as FET 115, and overlying 
5 interconnection and other layers subsequently formed. 

One method of forming a porous silicon oxycarbide glass for catalysts, 
absorbents, and supports for heterogeneous metal catalysts is described in A.K. 
Singh et al., "Poroxis Silicon Oxycarbide Glasses," J. Am. Ceram. Soc. Vol. 79, No. 
10 (1996), pp. 2696-2704, which is herein incorporated by reference. One method 

10 of forming insulator 140 includes applying a mixture of oxide and carbon sources to 
the working surface of the wafer, including structures aheady fabricated on substrate 
105, such as by using spin-on glass (SOG) application techniques. In one 
embodiment, for example, the mixture of oxide and carbon sources includes 
polymeric precursors such as substituted alkoxysilanes in which one or more of the 

1 5 alkoxy groups are replaced by saturated (e.g., CH3 and C2H5) or xmsaturated (e.g., 
CfiHs) "R" groups. In a further embodiment, for example, the mixture of oxide and 
carbon sources includes the substituted alkoxysilanes mixed with pure silicon 
alkoxides (e.g., tetramethoxysilane (TMOS) or tetraethoxysilane (TEOS)). 

In one embodiment, by way of example, but not by way of limitation, the 

20 mixture of oxide and carbon sources is formed by mixing approximately 50% 

methyldimethoxysilane (MDMS) and approximately 50% tetraethoxysilane (TEOS). 
The MDMS and TEOS is mixed with ethanol, such as for a time period of 
approximately 6 hours. One embodiment uses a molar ratio of total silane (i.e., 
MDMS and TEOS) to ethanol of 1 :2. The mixture of MDMS and TEOS is 

25 hydrolyzed in the presence of an acid, such as by providing water that is acidified 
with 1 M hydrochloric acid to form a resulting gel. 

After formation, the mixture of oxide and carbon sources is heated and dried 
to transform the mixture of oxide and carbon sources into insxxlator 140. In one 
embodiment, this includes drying the gel, such as at a temperature of 80 degrees 
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Celsius. The gel is pyrolyzed in a flowing argon atmosphere, such as by heating at a 
temperature that is approximately between 450 degrees Celsius and 1200 degrees 
Celsius for a duration that is approximately between 0.5 hotirs and 24 hours, thereby 
forming resulting porous silicon oxycarbide insulator 140 on the working surface of 
5 the wafer. 

According to one aspect of the present invention, silicon oxycarbide 
insulator 140 is porous and has a low relative dielectric constant (e, < 2.0, such as 
=1.6). As a result, porous silicon oxycarbide insulator 140 provides less parasitic 
capacitance as compared to a silicon dioxide insulator, having a relative dielectric 
10 constant of ^ 4.0, or as compared to a nonporous silicon oxycarbide, which 
typically has a relative dielectric constant of > 4.0. As a result, the silicon 
^ oxycarbide isolation insulator advantageously provides reduced noise and signal 

crosstalk between circuit nodes, reduced power consumption, faster circuit 
p operation, and minimizes the risk of potentially introducing timing faults. 

15 Among other things, the porosity of the silicon oxycarbide insulator 140 

provides a low relative dielectric constant, as described above. In one embodiment, 

I Li 

s the porosity results from tiny micropores, e.g., voids that are approximately 

uniformly distributed in the silicon oxycarbide insulator 140. In one embodiment, 
the voids are characterized as having an average diameter that is approximately 

□ 20 between 20 angstroms and 300 angstroms. In one embodiment, for example, the 

voids have an approximate diameter of 200 angstroms. In another embodiment, for 
example, the voids have an approximate diameter of 30 angstroms. The 30 
angstrom diameter micropores of silicon oxycarbide insulator 140 are significantly 
smaller than pores in a porous silicon dioxide insulator, which are typically gross 
25 features that have diameters on the order of several hundred or even thousands of 
angstroms. According to another aspect of the invention, the voids in the silicon 
oxycarbide insulator 140 are typically not contiguous, and are approximately 
uniformly distributed in silicon oxycarbide insulator 140. 
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The porosity of silicon oxycarbide insulator 140 can also be characterized in 
terms of surface area. According to one aspect of the invention, the surface area of 
silicon oxycarbide insulator 140 is approximately between 200 square meters per 
gram of the porous silicon oxycarbide and 450 square meters per gram of the porous 
silicon oxycarbide. In one embodiment, for example, the silicon oxycarbide 
insulator 140 has a surface area of approximately 300 square meters per gram of the 
porous silicon oxycarbide. Silicon oxycarbide insulator 140 is more porous than 
porous polysilicon, which has a surface area on the order of square centimeters per 
gram, and is also more porous than a porous silicon dioxide insulator. The high 
porosity and small pore size of silicon oxycarbide insulator 140 provides a low 
dielectric constant and good mechanical strength. Thus, parasitic capacitance is 
minimized, yet subsequent layers can be formed upon and supported by silicon 
oxycarbide insulator 140 without compromising its physical integrity. 

The above-described method of forming a porous silicon oxycarbide 
insulator 140 for providing IC isolation is not limited to the specific embodiment 
illustrated in Figure 1, but is xmderstood to apply to the formation of any and all IC 
isolation structures, such as between circuit elements, between interconnection lines, 
between circuit elements and interconnection lines, or as a passivation layer 
overlying both circuit elements and interconnection lines. In one embodiment, by 
way of example, but not by way of limitation, field-oxide regions 100 are replaced 
by isolation regions that include a porous silicon oxycarbide insulator formed 
according to the above-described techniques, such as in combination with 
conventional silicon etching techniques forming islands in active areas 110. 

Figure 2 is a cross-sectional view illustrating generally, by way of example, 
but not by way of limitation, one embodiment of further processing of porous 
silicon oxycarbide low dielectric constant insulator 140. In one embodiment, as 
illustrated in Figure 2, a portion of porous silicon oxycarbide insulator 140 is 
removed, such as by chemical mechanical polishing (CMP), for planarizing or 
reducing the thickness of a remaining portion of porous silicon oxycarbide insulator 
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140. Contact holes 200 are formed by conventional patterning and etching 
techniques, such that source 130, drain 135 and gate 125 of FET 115 can be 
interconnected with other circuit elements or external (i.e., off-chip) circuit nodes. 
Subsequent processing follows conventional IC fabrication steps, except that other 
5 porous silicon oxycarbide insulating layers may be subsequently formed according 
to the general techniques described with respect to Figure 1. 

Figure 3 is a cross-sectional view illustrating generally, by way of example, 
but not by way of limitation, one embodiment of forming subsequent layers of the 
porous silicon oxycarbide insulator according to the present invention. Figure 3 
10 illustrates a first metal layer 300, such as alxuninum or refractory metal, formed on 
the working surface of the wafer. For example, first metal layer 300 contacts source 
130 and drain 135 of FET 115. First metal layer 300 is patterned and etched for 
C providing a desired interconnection between circuit elements. A porous silicon 

Q oxycarbide interlayer dielectric 305 is formed, such as according to the methods 

i'S 15 described above v^th respect to Figure 1. Vias 310 are selectively formed in 

interlayer dielectric 305, such as by patterning and etching. A second metal layer 

s 315, such as aluminum or refractory metal, is formed within vias 310 and elsewhere 

O 

si over the working surface of substrate 105. Second metal layer 315 is patterned and 

etched, such as for providing a desired interconnection between particular circuit 

O 20 elements or other interconnection lines, A porous silicon oxycarbide passivation 

layer 320 is formed, such as according to the methods described above with respect 
to Figure 1. The porous silicon oxycarbide IC insulator of the present invention can 
also be used for isolation between any additional conductive layers in any 
fabrication process. 

25 Figure 4 is a schematic/block diagram that illustrates generally, by way of 

example, but not by way of limitation, one embodiment of a memory device 400 IC 
that includes a silicon oxycarbide insulator according to the present invention, such 
as described above. Memory device 400 includes an array of memory cells 405, 
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address lines 415, a word line decoder 420, a data line decoder 430, a sense 
amplifier 440, and a read circuit 460. 

Figure 5 is a drawing that illustrates generally, by way of example, but not 
by way of limitation, one embodiment of a computer system 500 according to the 
present invention. In one embodiment, computer system 500 includes a monitor 
505 or other communication output device, a keyboard 510 or other conmiunication 
input device, as well as a motherboard 515, carrying a microprocessor 520 or other 
data processing unit and at least one memory device 400. 

Conclusion 

As described above, the present invention provides, among other things, a 
low dielectric constant silicon oxycarbide insxilator suitable for isolation on an 
integrated circuit (IC). The insulator provides electrical isolation, such as between 
circuit elements, between interconnection lines, between circuit elements and 
interconnection lines, or as a passivation layer overlying both circuit elements and 
interconnection lines. The low dielectric constant silicon oxycarbide isolation 
insulator of the present invention reduces the parasitic capacitance between circuit 
nodes. As a result, the silicon oxycarbide isolation insulator advantageously 
provides reduced noise and signal crosstalk between circuit nodes, reduced power 
consumption, faster circuit operation, and minimizes the risk of potential timing 
faults. 

It is to be xmderstood that the above description is intended to be illustrative, 
and not restrictive. For example, the above embodiments can be combined. Many 
other embodiments will be apparent to those of skill in the art upon reviev^ng the 
above description. The scope of the invention shoiild, therefore, be determined vsdth 
reference to the appended claims, along with the full scope of equivalents to which 
such claims are entitled. 



10 



